Melanocortin-4 receptor (MC4R) and agouti-related peptide (AgRP) are involved in energy homeostasis in rats.
MC4R and AgRP at Estrous Cycle in
Agouti-related peptide (AgRP) is the neuropeptide with 132 amino acids that is expressed in the ARC of mice (8) and sheep (9) . In some species, AgRP neurons are involved in energy balance (10) . AgRP is an appetite stimulus (11) and increases during the lack of energy (12) . Intracerebroventricular (ICV) injection of AgRP, increases food intake and inhibits α-MSH in mice (13). Mice deficient in the MC4R expression (14) or high expression of AgRP (15) Many neurons in the ARC co-express AgRP and Neuropeptide Y (NPY) which is another appetizer peptide (18) . NPY is also effective in reproduction (19) . It has been shown that NPY neurons have synaptic contact with gonadotropin releasing hormone (GnRH) neurons in the POA (20) . ICV injection of NPY, inhibits LH secretion in rats (21) . Moreover, NPY neuron termini which synthesized AgRP, synapse with GnRH neurons (22) . Both NPY and AgRP inhibit LH surge (3, 23) .
Estradiol decreases NPY and AgRP expression in the ARC as well as NPY expression in the PVN of ovariectomized (OVX) rats (24) . In addition, the low level of estradiol in OVX rat, leads to the upregulation of NPY and AgRP in the hypothalamus (25) . AgRP termini are located in the MPO which consists of GnRH neurons and ICV injection of AgRP increases GnRH, LH, follicle stimulating hormone (FSH) and testosterone in male rat but do not have any direct effect on anterior pituitary (26) .
AgRP inhibitor also has effect on reproductive axis and ICV injection of AgRP inhibitor leading to LH decline in OVX monkey (23) .
According to the effect of MC4R and AgRP on LH secretion, there are likely to affect estrous cycle in rats. Therefore, the aim of the present study was to investigate MC4R and AgRP mRNAs expression in the hypothalamus during the estrous cycle of rat. were performed as described elsewhere (27) . 
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In the present study, we investigated the expression of AgRP and MC4R mRNAs during the estrous cycle in the rat hypothalamus for the first time. We also showed that MC4R mRNA in proestrus was greater (3.2 fold) than the other phases of the cycle. In rats during the estrus, metestrus, diestrus, and early proestrus phases, the concentration of GnRH is at its basal level. At midproestrus phase, the GnRH surge center is activated (30) . In the afternoon of proestrus phase, the circulating levels of LH begin to rise rapidly and reaches its peak in the evening, resulting in ovulation. The blood LH level then decreases and reaches basal levels during the rest of the cycle (31) . Therefore, increase in MC4R mRNA that we observed in the present study might be involved in preovulatory GnRH/ LH surge. Most of the GnRH neurons are located in the vicinity of α-MSH expressing fiber (32) and GT1-1 hypothalamic cells express MC4R and the stimulation of these cells with Nle4 D-Phe7-α-MSH leads to GnRH secretion (33, 34) .
In rats, ovarian estradiol secretion reaches its maximum level in the mid of the proestrus phase (31) . Estradiol injection led to the up-regulation of MC4R in the PVN of OVX rats (35) . Ovariectomized rats that had been treated with estrogen and progesterone indicated partial prolactin and LH surge that was inhibited during hunger (36) . MC4R
antagonists decrease prolactin and LH surge in the rats fed with normal diet and inhibit the effect of leptin on these hormones in hungry rats. Thus, MC4R could be a mediator of leptin effects on prolactin and LH surge (36) . MT-II led to prolactin surge in hungry rats. Accordingly, MC4R may be important for prolactin surge during the preovulatory period (37) . Leptin stimulates GnRH (38) and LH secretion in the rat hypothalamus and MC4R is a mediator of leptin effects during homeostasis (39). Therefore, the high level of MC4R mRNA during the proestrus phase could be involved in prolactin preovulatory surge.
In the present study, there was no significant difference in AgRP mRNA levels during the estrous cycle but the mean of AgRP mRNA in proestrus phase was 40% lower than estrus and metestrus phases and 10% lower than diestrus phase. In many mammals, GnRH secretion is regulated by ovarian steroid feedback mechanisms. In rats, ovarian estradiol secretion during the estrus phase is low, while at the end of metestrus phase, estrogen secretion begins to increase and is high during the diestrus phase; it reaches its peak in the proestrus evening, thereafter, declining to its basal level (31) .
In OVX rats, estradiol injection led to the decrease of AgRP expression in the ARC (25). Therefore, the low level of AgRP mRNA in proestrus and diestrus phases could be due to the increase of estradiol secretion during these phases.
In rodents, GnRH neurons do not express alpha-estradiol receptor (ERα) that is essential for positive and negative estradiol feedback (40) .
Increase in tonic LH secretion leads to the increase in estradiol synthesis from follicles and the peak of estradiol leads to LH surge (41) . AgRP inhibits prolactin and LH surge in female rats while the antiserum against AgRP reverses this effect (42) .
ICV injection of AgRP, inhibits pulsatile LH secretion in monkey (23) . Thus, AgRP could inhibit GnRH pulses and regulate estrous cycle.
In conclusion, our finding showed that in proestrus phase during the preovulatory period, MC4R might have excitatory effects and AgRP might have inhibitory effects on GnRH/ LH secretion in rats.
